The International Cellular Therapy Coding and Labeling Advisory Group was established to address the growing need for standardization of terminology and labeling for cellular therapy products as a result of increasing international transfer of these products. This paper presents new standards for terminology and labeling. These standards have been developed through a consultative process and are supported by key professional and accreditation bodies. By using these standards, together with the unique donation identification numbers and international product reference tables provided by the International Society of Blood Transfusion (ISBT) 128 Standard, consistency and traceability can be assured at the global level. A companion paper provides guidance on the implementation of the ISBT 128 system.
The use of standard terminology will help to ensure a common understanding of product definitions. The labeling standard, supported by the ISBT 128 information system, will ensure unique global identification of cellular therapy products, an international reference table for product descriptions, and label design that is consistent worldwide. The organizations supporting these standards believe that their adoption will significantly improve the quality, safety and traceability of cellular therapy products.
In developing the terminology standard the Advisory Group recognized that the frequent movement of cellular therapy products between countries (and continents) required a consistent use of terminology between ISBT 128 and published standards (for example, Circular of Information, AABB, FACT, JACIE, Netcord). [1] [2] [3] [4] [5] The Advisory Group has attempted to achieve these aims by removing complexity and redundancy from the coding system wherever possible, and, by wide consultation, agreeing to terminology acceptable to all for inclusion in future publication of their standards and guidance.
Terminology standard
The terminology standard provides a dictionary of terms with associated definitions, which has been constructed by international consensus to ensure global consistency in use and understanding. This provides the basis for assigning product descriptions within the ISBT 128 product database, thus providing a comprehensive and highly flexible system for describing products and assigning product codes. New products are defined by combining pieces of information from the dictionary in a way that unambiguously describes the product.
The tables presented in this standard can be extended as new products become developed. Proposed additions will be reviewed by the Advisory Group to ensure an appropriate level of definition and coding detail is maintained.
This standard replaces some of the previously defined terminology used within ISBT 128 6 and a summary of these changes, together with the rationale behind them, is described in the consultation documentation.
Structure of the terminology
The ISBT 128 product description database uses the concepts of 'Class', 'Modifier' and 'Attribute' to describe products.
Classes
are broad descriptions of products. Examples are HPC, Cord Blood; HPC, Marrow and HPC, Apheresis. Modifiers are applied to Classes in order to provide the next step in the categorization of the product. Examples are Cryopreserved, Thawed Washed and Mobilized.
Attributes provide the means to uniquely define the product. There is a mandatory attribute group called Core Conditions, which must be explicitly selected.
Core Conditions convey three types of information:
anticoagulant and/or additive nominal collection volume and storage temperature.
There are also a range of optional attribute groups that have a default value if not explicitly assigned. These remaining attribute groups are the general categories used to describe detailed characteristics of products. Within each attribute group, there are a number of possible values, referred to as variables, of which only one can be selected. For example, 'intended use' is a group; 'for transfusion' is a variable within that group. Where a product does not have a variable assigned for a particular group, the default variable for that group will apply.
The terminology standard is designed to allow distinction between products where it is required on safety or inventory management grounds. In some cases, there will be additional information, which may be of value to the administering clinician, but it does not need to be encoded. Such information can be included in eye-readable text on the label and/or in the accompanying documentation.
The full data structure for the product code is eight characters long, with the first five characters describing the product as discussed above. The type of donation or collection/intended use is specified in the sixth data character of the product code data structure. Data characters seven and eight are reserved for encoding information about divisions of products. Up to 26 divisions can be encoded with each of these characters. Further details are available in the ISBT 128 Standard Technical Specification. 
Definition
Refg Refrigerated (between 1 and 101 C; narrower range may be nationally specified) RT Ambient room temperature (range may be nationally specified) pÀ181 C Less than or equal to À181 C pÀ801 C Less than or equal to À801 C pÀ1201 C Less than or equal to À1201 C pÀ1501 C Less than or equal to À1501 C N 2 The labeling guidance provided satisfies the labeling requirements of AABB, FACT and JACIE accreditation bodies.
Electronic delivery mechanisms
The ISBT 128 standard defines data structures for the structured delivery of electronic information. In order to transfer this information on a label, a 'delivery mechanism' is required. The most common such mechanism is the linear barcode. There are many types of linear barcodes, each using a discreet symbology. Where ISBT 128 information is being encoded into a linear barcode, Code 128 symbology must be used.
One of the limitations of linear barcodes is that they require a relatively large amount of label space to encode even a small amount of information. This is acceptable in situations where there is adequate label space but this is not true for some very small containers used in cellular therapy.
To address this problem, two-dimensional (2D) barcodes can be used. These allow a far greater amount of information to be stored in a small space. Once again, there are many types of 2D codes each using a different symbology. Where ISBT 128 information is being encoded into a 2D barcode, Data Matrix symbology is recommended. 7 Several pieces of ISBT 128 information can be combined into one 2D code using the compound message structure within ISBT 128.
When selecting printers and barcode scanners for use with cellular therapy products, care should be taken to choose those that can support both of these symbologies.
In this document, examples of both linear (Code 128) and 2D (Data Matrix) codes are used.
This standard recognizes that at a national level some agencies may have further labeling requirements. It is recommended that national bodies should publish guidelines for cellular therapy product labeling in their own country, which adhere to the ISBT 128 Standard Technical Specification, the ISBT 128 Standard Product Coding: Bounded Lists and Definitions, and this labeling document. These national guidelines should identify any additional labeling, or restrictions on labeling, required by local regulations.
Label design-general principles Two label types are specified in ISBT 128: the label applied by the manufacturer of the container, referred to as the base label, and the label placed on a product container by the collection or processing facility, referred to as the final label.
Because of the large variety of containers used in the preparation and storage of cellular therapy products, a number of designs are presented for the final label layout.
The following general principles apply to label design: Primary considerations in label design will include improving the safety of the product and the efficiency of processing/administering. When these two conflict, safety must take precedence over efficiency.
Critical information on the container must dominate the label via position and prominence and must take precedence over information that is of little importance to the end-user (clinician, nurse, laboratory staff and other hospital personnel).
Printing text
There are three types of text used in ISBT 128 labeling:
Eye-readable text
The eye-readable representation of the data characters in a bar code (usually printed left justified immediately below the bar code, unless otherwise specified)
Bar code text
The interpretation of the eye-readable text (the data content of the bar code) Additional label text All other information on the label that is not associated with a bar code Particular font sizes and types are not specified but designers must ensure clarity of all text and use larger fonts to emphasize critical information. For Latin alphabets, it is recommended that proportionally spaced sans serif fonts be used.
Dates shall be printed in the order day, month and year. The day shall be numerical and the month alphabetical, using a standard three-letter abbreviation (JAN, FEB Where product is to be shipped across time zones, it is recommended that the expiry date and time also be shown in GMT (Greenwich Mean Time) as the international reference time. This date and time should be bracketed, be printed in italics beneath the local date and time, and should have the suffix GMT. Product description bar code text will be left justified. Other bar code text may be centered or left justified.
The product proper name (Class) may be printed as large as space allows.
It is recommended that product description bar code text should be printed with the Modifier(s) and Attribute(s) proportionally smaller than the Class proper name (the example uses bar code text that might appear on a cellular therapy product):
RhD status for the blood groups (ABO and RhD) bar code text may be printed black on white if RhD positive and white on black if RhD negative, but this is not required.
ABO status may be printed black on white if RhD positive, outline black on white if RhD negative, but this is not required.
For Special Testing bar code text, see the Examples of Use in the ISBT 128 Standard Technical Specification.
The base label
Where the container is of sufficient size, it shall carry a 100 mm72 mm by 106 mm72 mm (4 00 Â 4.25 00 ) base label. The base label should carry the two manufacturer's information bar codes: the Manufacturer's Identity and Catalog Number (017) bar code in the lower left quadrant and the Manufacturer's Lot Number (018) bar code in the lower right quadrant. The recommended position for these bar codes on 100 mm72 mm by 106 mm72 mm (4 00 Â 4.25 00 ) label should allow for a concatenated read of the two bar codes. The positioning is indicated in Table 1 and is illustrated in Figure 1 .
Eye-readable text for these two bar codes shall be printed in the 6 mm (0.25 00 ) segment of the base label that will remain visible after the application of the final label. Type height of this text shall not be greater than 3.0 mm (0.10 00 ); it shall be printed left justified immediately below the bar code and be centered vertically within the segment.
Some containers may require a smaller base label. In designing such labels, the principles outlined in this section should be applied to the extent possible. They should carry as a minimum the manufacturer's identity, catalog number and lot number in eye-readable and electronically readable Table 1 Positioning linear bar codes on a 100 mm by 106 mm (4 00 Â 4.25 00 ) base label formats. This information may be encoded in a 2D barcode using the appropriate ISBT 128 Compound Message. 8 For practical purposes, some cryopreservation bags and other types of containers do not use base labels.
The final label
Final label layout will depend upon the container size and amount of available label space. The default layout is based upon a 100 (72) mm by 100 (72) mm (4 00 Â 4 00 ) label dimension. Smaller (partial) labels have correspondingly less information displayed. Additional necessary information not shown on the label should be included in the accompanying labeling and documentation.
On all labels, the essential minimum requirements of unique donation identification number, product description and, where appropriate, recipient identifier must be present in text. The donation identification number must also be in electronically readable format(s).
This standard supports the use of eye-readable expiry dates. This information is optional within the ISBT 128 standard but may be required by national authorities.
The standard also supports the use of collection date and time, and if required this may be bar coded using the Collection Date and Time data structure. Where there is a prolonged collection process, this time should be the time that the procedure ended. If necessary, the procedure start time may be included in text only on the label.
The final label may be applied as a single label or may be built up with smaller labels applied at different stages during the process.
All labels are shown using Code 128 linear bar codes to encode the most critical information. As an alternative, 2D bar codes can be used, and are also illustrated. These allow much more information to be encoded in a smaller area and hence free up space for additional text. Where 2D bar codes are used, they must hold information in ISBT 128 data structures in a compound message format and care should be taken to ensure that compatible reading systems are available. Labeling of cellular therapy products P Ashford et al
The 100 (72) mm by 100 (72) mm (4 00 Â 4 00 ) final label design is based upon the concept of four equal 50 (71) mm by 50 (71) mm (2 00 Â 2 00 ) quadrants. The bar codes are to be placed in these quadrants as shown in Table 2 .
Bar codes for Data Structures 001, 002 and 003 must be positioned as described in Table 3 . These recommendations place the bar codes in an ideal position for concatenation. Bar coding of the expiry date/time (data structure 005) is not essential, but may be included and positioned as described in Table 3 . Similarly, bar coding of the collection date/time (data structure 007) is not essential but may be included and should appear in the upper left quadrant.
An eye-readable representation of the data characters in the bar code must appear beneath each linear bar code symbol on the container. Figures 2-4 show final labels printed according to Tables  2 and 3 .
Label design for partial labels
The size of partial labels will depend upon the container dimensions. Four examples are given. The examples assume that the label may be folded over the bag providing label space on both sides of the container (Figures 5-8 ). The design presented is based upon typical space availability and may need some modification for specific storage systems. Label dimensions are for guidance only, as these will depend on the container design.
Label design for cryopreservation labels Using linear bar coding, only the unique donation identification number can be printed in both electronically and human-readable formats. The product description and patient identifier appear in human-readable text format only (Figure 9 ). 
Figure 12
Vial label using data matrix.
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If the design includes use of linear bar codes with an X dimension of o0.25 mm (0.01 00 ), care should be taken to ensure that all scanners that will be used to read the label are able to do so.
An alternative approach would be to use a 2D barcode, in which case all three essential pieces of information could be encoded. Although not currently implemented, the diagram shows the possible layout of such a label (Figure 10 ).
Label design for vials
Vials of typically 1.5 or 2 ml capacity should be labeled in a manner that allows both human and machine reading as shown. Use of 2D barcodes again increases the amount of information that can be encoded and may allow additional space for human-readable information (Figures 11 and 12 ).
